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Abstract 
Climate change and global warming are having negative consequences for humans and nature. Manufacturing companies are particularly 
affected by the consequences of climate change. For example, extreme weather events can cause to production failure or even the collapse of 
entire supply chains. An adaptation to the impacts of climate change and the implementation of preventive measures requires an awareness and 
comprehensive knowledge in this topic. In the education of engineers in the field of factory planning and factory operation, the aspects of 
climate change and its consequences are not or only marginally considered. A systematic involvement in engineering education is shown in the 
paper. Through the use of innovative teaching methods of problem-based learning, awareness is created in order to effectively prepare 
manufacturing companies for the consequences of climate change in addition to the pure knowledge transfer. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The effects of climate change have a dramatic impact on 
all areas of human life. The increasing number and intensity 
of storms and floods are main reasons for the damage and 
complete destruction of residential buildings and industrial 
plants. Between 1995 and 2015 4 billion people were affected 
by 6,457 weather-related disasters and 606,000 were claimed. 
[1] The worst result for the people affected were the 
destruction of their environment and the simultaneous loss of 
employment due to the destruction of the factory. The 
numbers are showing that it is necessary to prepare 
manufacturing companies for the consequences of the climate 
change. It can be assumed that there is a gap of knowledge 
and awareness of preventive measures for extreme weather 
events caused by climate change in the companies, because 
until today, there is no adequate consideration of climate 
change in the education of factory planning engineers at 
German universities. Particularly engineers should have the 
knowledge about preventive actions since they create and 
design the working environment. So far, only classic 
requirements at the factory will be considered. [2] Engineers 
could develop strategies and actions to protect the factories, if 
they were sufficiently aware and qualified for the subject. 
Therefore, it is crucial to raise awareness for climate change 
and preventive actions in the field of engineering education 
(see figure 1). [3] 
1.1. Background climate change 
With the start of industrialization, humans began to emit 
the in fossil fuels stored CO2 into the atmosphere to a great 
extent. In 1750, a resulting increase of the CO2 concentration 
was recorded in the atmosphere of about 280 ppm. In 1999, 
the concentration was already 367 ppm (based on several air 
bubble measurements in Antarctic ice). [4] The CO2, as well 
as other greenhouse gases, causing a re-reflection of the 
incoming and from the earth reflected sunlight. As a 
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consequence, the temperature in the atmosphere increases. 
This so-called natural greenhouse effect is amplified by the 
increase of greenhouse gases, so that a rise in the average 
temperature is recorded (anthropogenic greenhouse effect), 
which leads to a change of climate. This results further 
changes in health, agriculture, forests, water resources, coastal 
areas and biodiversity. More serious consequences are for 
example the rising sea levels and the increase in extreme 
weather events. [4]   
The effects of climate change can be described with the 
increase in natural disasters. Figure 2 shows the worldwide 
evolution of natural disasters since 1980. Furthermore, a clear 
upward trend can be seen. The meteorological events (like 
storms) perform a great part of occurred natural disasters. [5] 
Germany is one of the largest economies in the world with 
a large industrial sector. The industry sector has about 260,000 
manufacturing enterprises with approximately 6.4 million 
employees. The increase in natural disasters such as storms 
has negative effects on the building material of factories. For 
example, a tornado in Großhain (Saxony) caused major 
damage at manufacturing plants in November 2010. In 
addition, the increased snowfall in the long cold spell and the 
above-average snowfall lead to a collapse of hall roofs (e.g., 
January 2011 in Bochum-Westenfeld, December 2011 in 
Eisenberg).    
The consequences of climate change have different effects 
for a factory. Especially, in factories which have been planned 
and built several decades ago, are not prepared for extreme 
weather events, such as increasing precipitation or high snow 
loads. Thus, the German government elaborates the German 
Adaptation Strategy. The following aspects of the strategy 
have intersections with factory planning: 3.2.2 building 
industry; 3.2.9 energy sector; 3.2.11 transport, transport 
infrastructure and 3.2.12 industry and business. [6] 
The German Adaptation Strategy described changes for the 
construction industry  should be applied especially during the 
building structure planning, building insulation, cooling and 
heat engineering, floor loads etc. At these planning steps 
previously the climate was assumed as a static value and 
changes are not taken into consideration. This can lead to 
expensive retrofits or to a lower energy efficiency of the 
factory building. [2] The risks referred to the German 
Adaptation Strategy for industry and business are becoming 
increasingly real. [6] In addition to the cases of damage 
referred to above, subsequently examples of damaged 
factories and supply chains will be furthermore mentioned. 
1.2. Examples of inadequate consideration of climate 
In March 2011, there was a devastating flood in Thailand 
due to heavy rains. In this example, seven industrial parks 
with about 1,000 production facilities were flooded and there 
was massive damage of the factories, due to not-existent flood 
protection. The consequences were noticed internationally. 
The global supply chains of the Japanese automotive industry 
were interrupted for weeks. 300,000 people became 
permanently and 700,000 temporarily unemployed. A 
consideration of the greater intensity of extreme weather 
events combined with an effective flood protection could limit 
the economic consequences. The strong influence of the 
Japanese automotive industry also shows that it was 
inadequately prepared for the consequences. The insurance 
costs amounted to 16.2 billion USD and the economic damage 
to 49.6 billion USD. For this, it has been the most expensive 
flood worldwide [7]. In factory planning phase “location 
selection” should consider flooding risks or dykes should be 
built, if no public flood protection is organized. 
With an economic loss of 16.5 billion USD in 2013 and 
14.1 billion USD in 2002, the two "floods of the century" 
mainly in Germany and the Czech Republic were the second 
and third most expensive floods in a worldwide comparison. 
[7] For example, in 2002 the Czech chemical plant Spolana in 
Neratovice was flooded by the river Elbe. The insufficient 
flood protection meant that large quantities of dioxins, 
mercury and other toxins spilled into the river and had the 
effect of severe damage to the environment and inhabitants of 
the Elbe region. [8] 
For companies is of particular importance that the follow-
up costs are very high in case of a service interruption. About 
0.5 % of claims, which have been regulated by the Ecclesia 
Insurance Service GmbH, came to an interruption, however, 
which formed 15 % of the total amount of damages. [9] 
Manufacturing companies needs to take the risk of such 
disasters into account. [10] Hence, it is necessary to develop 
strategies for factory adaption. However, there is a lack of 
knowledge in higher education about factory planning and 
climate change, which is addressed with following describe 
project. 
Figure 2: Natural disasters worldwide from 1980 to 2014
Figure 1: Impact of climate change on factories and approach of the project
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2. Education Project: KlimaIng 
In May 2015, the elaboration of a lecture concerning the 
fields of climate change and factory planning called 
“KlimaIng” started. The project is scheduled for 24 months. It 
is financed by the Project Management Jülich (PTJ).  
2.1. Aim of the project 
The aim of the project is the development and testing of a 
training that increases the awareness for the impacts of the 
climate change and enables the participants to take measures 
to adapt factories by improving problem solving skills. [11] 
The awareness will be developed through innovative teaching 
methods like the problem-based learning. Specifically, this 
includes the following objectives: 
• raising awareness of engineers from the field of factory 
planning for the impacts of climate change 
• mediation of practically relevant knowledge and methods 
for dealing with the consequences of climate change
• focus on the two target groups "students of manufacturing 
engineering" and "practitioners from manufacturing 
companies" 
• consideration of the latest findings of university didactics 
by applying innovative teaching methods 
• documentation and presentation of the concept, in order to 
ensure transferability to other carriers 
With the project, a training program for students and 
practitioners is developed and tested, which mediates 
knowledge and awareness about the consequences of climate 
change on the factory to the participants by innovative forms 
of teaching. 
The planning and operation of factories requires profound 
methodological knowledge and an interdisciplinary orientation 
of the project. Therefore, complex requirements (e.g. politics, 
residents, owners, customers, suppliers) from different fields 
are gathered and considered. Another new dimension is the 
consideration of aspects of climate change. Thus, the methods 
and tools of factory planning must be adapted to the 
requirements of climate change for the planned training. This 
means, that for example participants will be empowered to 
estimate and evaluate the risk, which is caused by the effects 
of climate change, and to initiate targeted adaption measures. 
In addition to pure transfer of knowledge, a deep awareness 
for climate change is to be developed by using practicality and 
authentic problem situation. These innovative forms of 
learning such as problem-based learning and company visits 
will contribute to an implementation of adaptation measures. 
The necessary transferability of education is guaranteed by 
the detailed documentation of training or course and the use of 
e-learning. Also, a publication of the lecture notes as a 
textbook is a possibility to support the transferability to other 
educational institutions. 
2.2. Classification and level of innovation of the project 
The focus of the training were not considered or 
implemented by any other school or university so far. From 
the target position seven requirements can be determined that 
are summarized to the following three groups: 
1. Content requirements: The substantive discussion of 
adaptation to the impacts and effects of climate change in 
the training program is required by promotion policy 
(requirement 1). In addition, an awareness of the issues of 
climate change and the associated consequences should be 
formed (requirement 2). 
2. Methodical requirements: The didactic-quality design of 
the course is required by the project design as innovative 
teaching methods raise awareness and the sustainability of 
the learning success support (requirement 3). Another 
requirement of the promotion carrier is to ensure the 
transferability of the concept (requirement 4). 
3. Target group: The training system should be suitable for 
the practice as well as for university teaching (requirement 
5). The target group are engineers (requirement 6) from 
the field of Factory Planning and Factory Operation 
(requirement 7). 
The compliance of 44 existing teaching and learning 
opportunities in the German higher education landscape has 
been studied in a comprehensive research. The excerpt of the 
research and the fulfilment of requirements are shown in 
figure 3. 
2.3. Work package of the project “KlimaIng” 
The project consists of five work packages, which are 
added by the project management. The project starts with the 
first work package conception. The first step of the project is 
divided into two sub-packages, which were processed within 
the first five months of the project period. The results of the 
work package provide a survey to identify the main topics of 
the training and the didactic teaching concept with a focus on 
problem-based learning (PBL). The results of the survey are 
described in section 3. 
Figure 3: Benchmark of courses concerning climate change in the German 
higher education landscape
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The second work package realization involves the 
merging and the elaboration of the concept. Firstly, the 
literature research is used to formulate the topics of the survey 
into teaching documents. The didactic concept is 
implemented, which e.g. comprises the description of various 
issues for the PBL-cases. The cases will be developed in 
accordance with manufacturing companies. The PBL supports 
the high motivation of the student, enables a sustainable 
learning success and raising awareness. Moreover, the 
teaching concept is adapted to a concept for an industrial 
training. For this purpose, the PBL cases and the structure are 
adapted to requirements of practitioner.  
The third work package testing and evaluation includes 
the implementation of the lecture and the industry training and 
assessment of both according to the improvement of the 
awareness and knowledge. The lecture will be offered in 
spring term 2016 for the first time. The course is supported by 
the provision of additional materials as well as groupware 
modules via the e-learning platform of the TU Braunschweig 
(https://studip.tu-bs.de). At the end of the semester, the course 
ends with a written exam. The course will be evaluated by the 
following activities: 
• coaching of the instructor by didactical experts Center of 
Excellence in Lower Saxon Higher Education 
• questionnaire to measure the awareness for climate change 
before and after the attendance and the learning success 
• at the last day of the lecture, the course will be evaluated 
by standardized evaluation questionnaire of the 
Department of Mechanical Engineering for comparison 
with other courses 
The fourth work package revision includes the analysis 
of the evaluation and the identification of potentials for 
improvement. Based on this, actions are defined for future 
terms. The final work package documentation includes the 
writing and publishing of a textbook. The textbook ensures 
the transfer of the lecture as well as the industry training to 
other education facilities.  
The project is currently in the second phase where the 
concept is developed. In order to identify relevant and crucial 
topics for engineering students, a survey was conducted. An 
excerpt of the results is presented in the next section. 
3. Research results 
In the previous sections, it is shown that climate change 
will have a significant influence not only on the private life 
but also on work life and companies. Even today, companies 
have to face and cope with the effects of climate change such 
as floods, storms or increasing prices for insurances. 
Therefore, it is crucial for engineers to know about the 
reasons and effects of climate change and how to consider and 
apply preventive solutions in planning processes. In order to 
identify the important topics for companies, a survey was 
conducted by the Institute of Advanced Industrial 
Management of Technische Universität Braunschweig. The 
results are used to identify and prioritize the topics for the 
lecture.  
As a reference point, a study from the Bavarian state is 
used to compare the results. [12] The study was conducted in 
2009. It showed that one of the sectors which are more 
affected by the climate change is the industry sector. 
Moreover, the study showed the relevance of 18 different 
aspects for the sectors. The aspects with a high relevance 
identified are damage of infrastructure, shortages of energy 
and materials, energy efficiency, traffic and transport and new 
political guidelines. 60 % of the people interviewed named 
those aspects as highly relevant for companies. These aspects 
would have severe effect on companies and their production 
which would cause, for example, difficulties in the supply 
chain. Besides the aspects, the study evaluated the opinion on 
opportunities and threats caused by climate change. Although 
one third sees threats for the infrastructure and ecologic 
damage, the industry sector has economic opportunities by 
climate change as well. In combination with incentives, the 
motivation for companies is increased to take measures for 
climate protection. [12] The study shows the relevance of 
different aspects of climate change. These aspects were used 
as a starting point to identify relevant aspects. However, it 
was necessary to evaluate if the named aspects match the 
national wide aspects.  
Therefore, for the described research project “KlimaIng”, a 
survey was conducted to identify the main topics for the 
planned lecture. The study was conducted from August to 
November 2015. Invited to participate in the survey were 
engineers who work for manufacturing company. In total, 47 
people answered the questionnaire with the focus on climate 
change and factory planning. The informants were asked on 
their opinion towards climate change since the planned lecture 
is for mechanical and industrial engineers. The goal of the 
survey was to identify and prioritize aspects of climate change 
and integrate the most important topics in the lecture. With 
the survey and the focused informants, the relevance for 
companies is secured.  
The questionnaire is divided into four sections. Section one 
starts with the general opinion on climate change. As 
mentioned in the previous chapter, the focus in this 
questionnaire is on factory planning. For that, the sections two 
to four aim for the opinion on climate change considering 
factory planning.  
The results of the first section are shown in figure 4. In this 
section, theses were given and the people were asked to give 
their opinion. Possible answers ranged from “I strongly 
disagree”, “I rather disagree”, “I rather agree” and “I strongly 
agree”. If the person did not have an opinion on the subject, 
there was the possibility given to answer “I don’t know”. In 
total, 32 people answered the theses correctly. The results 
show that there is a high awareness of climate change. On the 
thesis that the climate change is a serious threat to all people 
agreed 25 people. Moreover, 14 out of these 25 people 
strongly agreed on this thesis. In addition to the general threat 
of climate change, 26 people are of the opinion that climate 
change will have an impact on the corporate world. In order to 
check the attention of the people, a negative thesis was 
implemented. It says that German companies would not so 
much be affected by the climate change. The results show that 
23 people disagreed with the thesis. Lastly, the thesis that 
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actions to combat climate change must be taken had the 
strongest agreement of the people asked. 17 of 31 people 
strongly agreed with the thesis. From this results can be 
concluded that climate change plays an important role on 
today’s work life. Even today, people are aware of climate 
change and its impacts it has on private and working life. 
People working in the industry sector see the climate change 
as a threat and, therefore, actions must be taken to reduce the 
impacts of climate change.  
The second sections aim is to identify the relevant aspects 
of climate change for the industry sector. The results are 
shown in figure 5. 95 % of the people consider the higher 
costs for preventive measures as the most important aspect of 
climate change. With 90 % agreement of the people, the costs 
for insurances will rise. Additionally, storms will have high 
impacts on the industry sector. All three top answers have in 
common that none of the people asked strongly disagreed. 
The aspects with the least impacts are refugees due to climate 
change and CO2 limits for companies. As a result, it can be 
concluded that the highest risks of climate change result in 
economic effects. One reason could be that there cannot be 
any actions taken against cost increase since it depends on 
insurance companies and their policies. A higher insurance 
rate leads to higher costs and higher investments but have no 
benefits for the company in case nothing happens. The 
reasons for the least agreement on impacts of refugees and 
CO2 limits can be attributed that much was done to reduce 
CO2 emissions of companies. In addition to that, Germany 
faces a demographic change which leads to a shortage of 
skilled and young workers. Refugees are more of an 
opportunity than a threat from a company’s view.  
In section three, people were asked on the consideration of 
climate change in the planning tasks during factory planning. 
The results are shown in figure 6. As to divide the factory 
planning process, the phases of the factory planning process 
of the Insitute for Advanced Industrial Management of 
Technische Universität Braunschweig were used. [2] The 
results show that the climate change is most likely considered 
during the implementation and operation phase. In the early 
phases of Enterprise analysis and general planning, climate 
change is less relevant. The same applies for the later phases 
of the factory planning process like industrial wasteland or 
tuning and adaption of a factory. These results lead to 
assumption that climate change and its impacts are mostly 
considered when a framework for the factory is established. 
An early consideration as in the enterprise analysis or general 
planning phase, which would reduce costs in later planning 
phases, is less likely applied. An evaluation of the standard 
deviation showed that the detailed planning phase has the 
highest standard deviation of 0.5. Almost all the other phases 
show a standard deviation of 0.4.  
Furthermore, it was evaluated to which degree the climate 
change is considered today. It shows that the consideration of 
climate change today correlates with the relevance in the 
different factory planning phases. Especially the consideration 
in the Enterprise analysis, implementation and operation 
phases can be highlighted. There, the degree of consideration 
lies between 60 % and 70 % which leads to the assumption 
that actions coping with the effects of climate change are 
already taken.  
This leads to the fourth sections in which the realization 
degree of different actions is evaluated (see figure 7). The 
actions given were based on a literature research and match 
the aspects of climate change. The possibility was given that 
additional actions could be added. The results show that 
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especially technical developments and new strategies for 
energy supply are partially realized to cope with the effects of 
climate change. The assumption can be made that those 
actions are taken in order to profit from economic advantages 
as well. E.g. technical developments like air filter not only 
reduce CO2 emission but also lower the costs for CO2
certificates. Another example is to use solar panels for energy 
supply and sell additional energy to the state. Other actions 
are to observe political conditions and climatic developments 
worldwide. This is necessary to estimate the risks of higher 
cost due to new laws. In addition, extreme weather conditions 
might affect logistics and the supply chain. The company has 
to be prepared to find another supplier in case the primary 
supplier cannot provide parts. Other actions such as increase 
of insurance cover or relocation of facilities are just in a 
beginning realization phase. Those are actions which need 
extensively consideration and there is no immediate result in 
case of taking those. 
All in all, the survey leads to the result that especially the 
aspects of higher costs for climate change (e.g. such as 
insurance), changes in law on material usage and temperature 
change. These aspects represent the important topics for 
companies and, therefore, are the main topics addressed in the 
lecture. Besides the basic knowledge about those topics, 
adaption measures are introduced as well, especially new 
strategies in the fields of energy supply (e.g. “low carbon 
economy” in Great Britain) and technical developments (e.g. 
new filters technologies, energy recuperation, etc.). Learning 
about these measures should enable the students to apply the 
knowledge quicker in companies and reduce the 
implementation time. Furthermore, an innovative didactical 
concept is applied which includes group work and case 
studies. The students are more actively integrated and gather 
their knowledge during self-learning periods. 
4. Conclusion 
In this paper it was shown that climate change will not 
only have an enormous effect on private life but also on 
companies and its surroundings. Nowadays, effects such as 
rising average temperatures or groundwater level are a 
common site. Therefore, companies need to consider the 
climate change in their planning processes to cope with the 
effects. Consequently, workers need to be aware of the 
climate change and its effects as well as necessary actions to 
cope with it. Especially for engineers is the knowledge about 
climate change crucial because of their responsibility in 
factory planning. Therefore, the topic climate change is highly 
relevant for engineering studies. A survey was conducted to 
identify the relevant aspects of climate change for engineers 
in the factory planning process. It showed that especially 
economic aspects such as insurance and costs for preventive 
actions are important for future engineers. It also showed that 
in the factory planning process actions and the application as 
well as implementation is relevant knowledge for engineers. 
Further research will be conducted on how the knowledge is 
successfully transferred. In addition, business cases are now 
developed in accordance to the results of the survey. 
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Figure 7: Adaption measures and the realisation phases (n=25)
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